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1. Introduction

This Remedial Action Implementation Plan (RAIP) was prepared to comply with the
requirements of the Federal Facility Agreement (FFA) for Lawrence Livermore National
Laboratory (LLNL), Livermore, California (Fig. 1). The RAIP is the first step in the Remedial
Design/Remedial Action (RD/RA) process under the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) of 1980 as amended by the Superfund Amendments
and Reauthorization Act (SARA) of 1986. The FFA for the LLNL site specifies preparation of a
RAIP, which is similar to the U.S. Environmental Protection Agency (EPA) document called the
Remedial Design Workplan. This RAIP was prepared by LLNL for the U.S. Department of
Energy (DOE) with oversight from the following regulatory agencies: EPA, the California
Department of Toxic Substances Control (DTSC), and the California Regional Water Quality
Control Board (RWQCB).

This RAIP is a workplan for the remedies selected for ground water and soil contamination in
the Record of Decision (ROD) for LLNL (DOE, 1992). The RAIP was prepared using
information from the FFA and an outline prepared by EPA. Specifically, it presents a workplan
and schedule for preparation of the Remedial Design (RD) documents that implement the
remedial actions for the LLNL Livermore site. The RD documents that will be prepared under
this workplan will include process and instrument diagrams and system descriptions,
construction schedules, estimated dates for important remedial milestones, and cost estimates for
implementing the remedial measures.

Remedial Action (RA) Workplans are also part of the EPA RD/RA process and will be
submitted with the Draft RD documents. The RA Workplans will present the RA Team and the
Quality Assurance/Quality Control Plan for construction. They will also present the Preliminary
Operation and Maintenance Plans and establish monitoring and reporting schedules. In addition,
the Health and Safety Plans for construction, operation, and maintenance, and the requirements
for offsite shipment of hazardous waste and for project closeout will be included with the RA
Workplans.

Other post-ROD documents that will follow the RA Workplans include a Data Management
Plan; a Compliance Monitoring Plan, consisting of a Sampling and Analysis Plan; a Quality
Assurance Project Plan; and a Contingency Plan, which will describe strategies that would be
implemented if discharge limits are exceeded during cleanup.

2. Remedial Design Team and Approach

The organization and members of the LLNL Livermore Site Remedial Design Team are
presented in Section 2.1, and the overall approach to implementing the RD/RA process at the
Livermore site is discussed in Section 2.2.
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Figure 1. Location of the LLNL Livermore site.
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2.1. Personnel and Responsibilities

The key members and organization of the LLNL RD Team are shown in Figure 2. The RA
Project Leader for the LLNL site is William A. McConachie, the Environmental Restoration
Division (ERD) Leader for the Livermore site Ground Water Project. John Ziagos, ERD
Environmental Restoration Section Leader for the Livermore site, will be responsible for
regulatory interface, hydrogeology, modeling, and preparation of regulatory documents. A. J.
Boegel, ERD Remedial Design and Operations Section Leader, will be responsible for
technology evaluation, engineering design, and construction of treatment facilities and pipelines.
Dorothy Bishop, Acting Environmental Management Technologies Section Leader within ERD,
will be responsible for data management and data quality assurance. Other project personnel and
their responsibilities are shown in Figure 2.

2.2. Overall Approach to Remedial Design and Remedial Action Implementation

The RAs described in the ROD for the LLNL Livermore site will be phased-in to determine
the actual effectiveness, compared to the predicted effectiveness, of the initial planned extraction
wells and treatment systems before proceeding with subsequent phases. As discussed with the
regulatory agencies, both the technical and regulatory aspects of the remediation will be
conducted in phases. Five RD documents will be submitted for regulatory agency and
community review according to the preliminary schedule in Section 5 of this workplan. As
discussed in Section 5, the seven planned treatment systems for the 24 initial extraction locations
will be constructed over a period of 3 years. This phased implementation is necessary to be
consistent with projected funding levels. In addition, the phased approach has technical
advantages including:

1) The opportunity to test and optimize specific ground water extraction and treatment
system designs prior to employing them at other parts of the site.

2) The opportunity to evaluate extraction well design, efficiency and performance, and
the vertical and horizontal extent of hydraulic capture zones, prior to full
implementation of the cleanup plan. This will enable optimum development of the
extraction well field.

Integral to LLNL’s approach to the planned phase-in of RAs are dynamic management of the
well field and optimization of the cleanup through field monitoring and modeling. As the initial
extraction wells are installed, they will be pumped continuously, and wells and piezometers in
the surrounding vicinity will be monitored to determine actual hydraulic capture areas and
optimum extraction rates. As discussed in the Proposed Remedial Action Plan (PRAP, Dresen ez
al., 1991) and the ROD, if the hydraulic capture objectives of a particular well or wells are not
met, then additional wells will be installed to achieve complete plume capture and/or source
remediation. Hydraulic and chemical data from each phase of well installation will be used to
refine the design and implementation of the subsequent phases. Strategies for implementing the
dynamic well field management and optimization include:

» Periodically producing three-dimensional representations of the contaminant distributions
in the affected areas.
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* Analyzing the piezometric head distributions within, above, and below the depth
interval(s) that are being pumped.

* Adjusting pumping and injection rates and locations when necessary to improve the
progress of cleanup while maintaining hydraulic control of the contaminant plumes.

Simulations of ground water flow and contaminant transport will be used to supplement the
interpretation of field data and aid in the decisionmaking process. Numerical ground water flow
and transport modeling will be conducted to select the optimum locations for extraction and
injection wells, and to predict the vertical and horizontal hydraulic capture zones and
contaminant mass removal for each extraction well.

The extraction well field will be managed dynamically by varying pumping/injection rates
and locations to prevent the formation of hydraulically stagnant zones and to maximize
contaminant mass removal. Potential stagnation zones will be determined by monitoring water
levels during extraction, and ground water flow modeling will be used to develop dynamic
pumping strategies that will eliminate long-term stagnation zones. LLNL also plans to reinject
and/or recharge treated ground water to eliminate stagnation zones and flush contaminants more
rapidly from high concentration areas. Contaminant transport modeling will be used to select the

optimal extraction and injection locations and rates to increase contaminant mass removal and
~ reduce overall cleanup time. LLNL will attempt to minimize dilution of contaminants and
maximize treatment efficiency within reasonable limits when designing the cleanup.

LLNL is conducting source investigations in 13 areas of the LLNL site. The results of these
investigations are reported in LLNL Monthly Progress Reports as they are completed. If it is
determined that an area requires vadose zone or ground water remediation that is not already
accounted for under the ROD for the LLNL site, alternative remediation approaches will be
evaluated and reported in a Monthly Progress Report or in a separate report. If the preferred
remediation is significantly different from that described in the ROD, then an amendment to the
ROD will be prepared with regulatory agency oversight.

Modeling will also be used to determine whether vadose zone contaminants will require
remediation. After contaminants in the vadose zone are sufficiently characterized, modeling will
be conducted to evaluate whether the vadose zone contaminants would impact the underlying
ground water in concentrations above the maximum contaminant level (MCL). If such a
potential exists, remedial alternatives will be evaluated and implemented with regulatory agency
oversight. If the preferred alternative is sufficiently different from vadose zone alternatives in
the ROD, an amendment to the ROD will be prepared.

As specified in the ROD, the progress of the cleanup will be reviewed with the regulatory
agencies at least every 5 years. This will allow assessment and implementation of new
remediation technologies as they are developed. New information, such as the discovery of
additional sources or improved methods of assessing remediation performance, will be
incorporated into the 5-year reviews. The overall LLNL and DOE philosophy of the remediation
is to achieve a rapid, efficient, and cost-effective cleanup.
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3. Remedial Design Criteria

The RA criteria for ground water cleanup are described in Section 3.1, and those for the
vadose zone are described in Section 3.2.

3.1. Ground Water

Ground water remediation at LLNL will involve extraction, piping water to a treatment
system, treatment, and discharge of the treated water. Hydraulic control and cleanup of the
contaminants in ground water will be achieved by placing extraction and recharge wells at
strategic locations within the plume and in source areas. The locations and possible designs of
the initial planned ground water extraction wells are described below.

3.1.1. Extraction Locations and Well Designs

3.1.1.1. Extraction Locations

Since selection of the 18 extraction locations presented in the PRAP, and during the
process to finalize the ROD, sitewide extraction locations have been further evaluated using the
computer model CFEST. Numerical simulations of ground water flow and contaminant
transport were conducted to determine the optimal configuration of extraction and injection
wells. The objectives of this modeling were to reduce total volatile organic compound (VOC)
concentrations to less than 5 parts per billion (ppb) within a 50-year period, and to arrest
further westward migration of the contaminant plume. Because modeling is an important
resource to the project, the RA Workplan will include references to reports that contain the
details of the modeling conducted for the project.

As discussed in the ROD, at least 18 extraction locations are necessary to achieve the
cleanup objectives. Based on the results of recent numerical ground water flow and transport
modeling, three new extraction locations (numbers 19, 20, and 21 on Fig. 3) have been added
on the LLNL site to expedite the ground water cleanup. Three additional extraction locations
(numbers 22, 23, and 24 on Fig. 3) have also been added along Arroyo Seco, west of Vasco
Road, to mitigate potential southerly plume migration that may result from agricultural
pumping south of East Avenue. Data regarding the rationale for the initial 24 extraction
locations are presented in Table 1. In the future, additional extraction and recharge locations
may be added to expedite the cleanup, depending on the actual size of capture areas, the rates
of contaminant mass removal, and the results of more detailed modeling.

The extraction locations will be strategically placed near contaminant plume margins to
intercept and hydraulically control all ground water originating from LLNL with VOC
concentrations exceeding MCLs (Fig. 4). In addition, ground water will be extracted from
source areas and areas where ground water VOC concentrations are above about 100 ppb to
expedite cleanup. Field locations of extraction and recharge wells will depend on the local
hydrogeology and ground water chemistry, as well as logistical factors, such as drill rig access
and locations of underground utilities. Where suitable wells exist, LLNL plans to use the
extensive network of existing monitor wells to extract ground water and monitor water levels
and changes in contaminant concentrations during the cleanup.
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Table 1. Description of initial extraction well locations, LLNL Livermore site.

——W

Approximate interval to be Number of
Extraction remediated water-bearing

location! (ft below ground surface) zones? Purpose/comments
1 79-179 5 Source area control
2 90-140 3 Southern plume margin control
3 100-150 2 Downgradient plume control
4 70-185 5 Site boundary plume control
5 65-125 3 Source area control
6 60-125 2 Downgradient plume margin and site

boundary control
7 120-130 1 Downgradient plume margin control
8 75-85 1 Plume margin control
9 55-90 2 Downgradient source area control
10 95-125 2 Source area control
11 140-160 5 Source area control
12 60-130 4 Source area control
13 95-130, 155-200 4 Downgradient source area control
14 95-150 3 Source area control
15 80-160 4 Source area control
16 95-170 4 Source area control
17 100-200 4 Southern plume margin control and
fuel spill remediation

18 110-125 1 Source area and site boundary control
19 85-210 4 Source area control
20 85-155 3 Source area control
21 85-105 1 Source area control
22 90-190 3 Mitigate offsite agricultural pumping
23 90-190 3 Mitigate offsite agricultural pumping
24 95-190 3 Mitigate offsite agricultural pumping

—__—___————-_———-___———___——_———-——_—_—_____
1Extraction locations are shown in F igure 3.

25 water-bearing zone is defined as saturated permeable sediment at least 3 feet thick with at least § feet of low-
permeability sediment above and below.
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3.1.1.2. Extraction Well Designs

Several extraction wells have been installed at the LLNL site as part of EPA-approved pilot
studies, as discussed in Sections 4.1.1.1 through 4.1.1.3. One of these wells is EW-415, an
engineered extraction well that has been effectively capturing a significant portion of the VOCs
in the Southwest Corner/Offsite Area (extraction location No. 1 on Fig. 3). The water from EW-
415 is treated at pilot Treatment Facility A (TFA), located near Vasco Road. EW-415 was
designed using one of three approaches (discussed below in this section) that have been
evaluated for LLNL extraction wells. This well is fully screened and sand-packed over a 100-
foot interval that spans five water-bearing zones containing VOCs (a water-bearing zone is a
sand or gravel layer greater than about 3 feet thick). Compared to wells screened only in
permeable zones, its fully screened and sand-packed design is believed to be more effective in
removing VOCs from both coarse- and fine-grained sediment, such as near source areas at LLNL
(Remedial Investigation, Thorpe et al., 1990). However, the fully screened and sand-packed
design of this well has limitations that were recognized before the well was installed, including:

* Inability to pump a zone, or zones, selectively and/or at different flow rates.
* Difficulty in assessing the flow and VOC mass removal rates for individual zones.

* The potential to clog the well screen and treatment systems by producing fine-grained
sediment in water pumped from the screened silts and clays.

In view of these limitations, LLNL has considered alternative designs for future extraction
wells. Analyses of saturated sediment and ground water at LLNL indicate that VOCs are present
in all saturated sediments within a VOC plume that are within several hundred feet of a source
area (Thorpe et al., 1990). However, at greater distances from the source, VOCs are limited to
the more permeable sediments and the first few feet of fine-grained sediment adjacent to the
permeable zones (Bishop ez al., 1990). Therefore, as an alternative to the EW-415 design, LLNL
plans to install a single well in each permeable interval requiring remediation at extraction
locations that are more than a few hundred feet from source areas. A cluster of several wells
may be installed at many of the locations shown in Figure 3 to capture the full vertical thickness
of the plume. The general design of these wells, each completed in a single contaminated water-
bearing zone, is shown in Figure 5. This approach offers maximum flexibility for assessing
VOC mass removal from each zone, and enables the pumping of each zone at an optimum flow
rate and/or different flow rates over time. In addition, the shutdown of one well in the cluster
would not result in cessation of all extraction at that location.

The third potential extraction well design is to install a single well completed in two or more
permeable zones, with grout seals installed in the well annulus between the screened intervals
(Fig. 6). This design would allow isolation of an individual zone, or zones, with packers for
selective pumping and sampling for VOCs. However, it does not provide the same degree of
flexibility as would individual, single-zone completion wells. In addition, LLNL’s experience
installing wells of this type indicates it is difficult to install multiple grout seals in a single well
without risk of grouting portions of the well screen, especially where the vertical distance
between screens is less than 7 to 10 feet.
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To mitigate the difficulties associated with installing multiply-screened wells, LLNL plans to
limit each well of this type to two or perhaps three screens. In these wells, grout seals would be
installed only when their minimum thickness is about 7 to 10 feet. These measures will reduce the
risk of grouting portions of the well screen and will provide additional flexibility compared to the
fully screened and sand-packed single-well design of EW-415.

The design approach used at each extraction location will be based on physical conditions, such
as available surface space, underground utilities, and piping to treatment systems. In areas with very
limited available surface space, LLNL plans to install a single well with multiple screens rather than
several wells completed in individual zones. The process for selecting the appropriate well design at
each extraction location is shown in Figure 7.

For all extraction wells, LLNL plans to drill and log a pilot borehole and collect sediment
samples to determine the local vertical distribution of VOCs. Sediment samples will be collected for
sieve analyses to select the appropriate formation stabilizer (sand pack) and well screen slot size.
Existing monitor wells will also be used for ground water extraction wherever possible. The existing
network of piezometers and monitor wells, as well as planned new piezometers that will fully screen
a single water-bearing zone, will be used to monitor the progress of the cleanup. LLNL plans to use
a minimum of three piezometers per screened water-bearing zone per extraction location to define
hydraulic capture zones and monitor changes in chemical concentrations over time. To mitigate
decreases in well efficiency, LLNL plans to periodically monitor drawdown and flow rates and
redevelop the wells when necessary. Each RD report will contain additional information regarding
the location and specific designs of wells and piezometers for each extraction location, and a detailed
well installation schedule for each treatment facility.

3.1.2. Treatment Systems

Based on site analysis and the results of the LLNL pilot studies, seven treatment facilities are
planned for the LLNL site, as shown in Figure 3. The seven treatment facility locations (A to G)
were selected to minimize the length of piping required to connect the 24 initial extraction locations
to the treatment facilities, and to provide efficient discharge routes for treated ground water. The
system components for each facility are shown schematically in Figures 8 through 11, and the
controls and safeguards for each treatment facility are described in Section 3.1.3. The treatment
processes are described in the Feasibility Study (FS), PRAP, and ROD.

If extraction wells produce ground water containing significantly different suites of
contaminants, LLNL will treat or pretreat, as appropriate, the different contaminant suites separately.
This would maximize treatment efficiency and minimize dilution of contaminant concentrations.
However, because the primary goal of the remedial actions is removal of contaminant mass from the
subsurface, methods of improving treatment efficiency and minimizing dilution will only be
implemented when they are:

e practical,
* cost-effective, and

* do not impair the overall rate of contaminant mass removal.
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Figure 7. Extraction well design decisionmaking process.
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Treatment efficiency improvements will be undertaken with regulatory oversight. If new
cleanup requirements are promulgated or existing requirements are modified in the future, they
will be evaluated at the 5-year reviews specified in the ROD for the LLNL site to determine if:

* achievement of the requirement(s) is applicable or relevant and appropriate, and

¢ achievement of the requirement(s) is necessary to ensure that the remedy is protective of
human health and the environment [40CFR Section 300.430 ®1)Gi)B)].

Each treatment facility will be designed to treat a somewhat different suite of compounds.
Treatment Facilities A, B, C, E, and G will treat primarily VOCs. Treatment Facilities C and D
(TFC and TFD) will treat chromium as well as VOCs. Treatment Facility F (TFF) will treat
VOCs, fuel hydrocarbons (FHCs), and possibly lead. For preliminary design purposes, LLNL
has used data from existing monitor wells to estimate the quantity and chemical composition of
the ground water influent to each treatment facility. The estimated influent concentrations and
flow volumes for the treatment facilities are given in Table 2. The estimated influent flow rate in
gallons per minute (gpm) is also shown in parentheses at each treatment facility location in
Figure 3. The influent flow rate for each treatment facility is the sum of estimated sustainable
pumping rates for each extraction location providing water to the facility.

As described in the FS and PRAP, each treatment facility will be designed to use either ultra-
violet light (UV) oxidation or air stripping as the primary process to treat the extracted ground
water. Additional technologies, such as diffuse aeration (a form of air stripping), granular
activated carbon (GAC), and ion exchange will be used for secondary treatment and/or to remove
specific contaminants from the water or air streams. The GAC will be shipped offsite for
regeneration. VOCs and metals sorbed to the GAC and ion-exchange resin will be recycled, if
possible, or disposed as hazardous waste. All water entering treatment facilities will be filtered
prior to entering the treatment system to remove particulates. The VOC concentrations in
particulate filters from TFA and TFB have been below the 25 milligrams per liter (mg/L) limit
for disposal at a Class III landfill. The filters have also been subjected to a 96-hour fish toxicity
test and were shown to be non-hazardous. The filters will therefore be disposed at a commercial
Class III landfill.

As described in the ROD, Treatment Facilities A, B, and E will employ UV/oxidation as the
primary water treatment technology and a secondary air stripping system, with GAC vapor
treatment (Fig. 8). TFF will also use UV/oxidation with secondary air stripping, but with a GAC
system for removing lead, if necessary, from the extracted ground water (Fig. 9). The influent
water at TFF will flow through a gasoline/water separator before reaching the particulate filter,
and the separated gasoline will be sent to a recycling facility. Treatment Facility G will use a
packed-column, counter-current air stripper, or a diffuse aeration tank for water treatment, and
GAC for vapor treatment (Fig. 10).

TFC and TFD will also employ a packed-column, counter-current, air stripper or a diffuse
aeration tank with GAC vapor treatment, and will incorporate an ion-exchange or other system
for chromium treatment (Fig. 11). Although ground water in the vicinity of TFC does not
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Table 2. Estimated influent concentrations for Treatment Facilities A through G.

Concentration (ppb)

Constituents Maximum influent Avel;a_gg influent
Treatment Facility A
Average flow: 150 gpm
PCE 350 280
TCE 9 7
1,1-DCE 15 12
1,2-DCE (cis and trans) 5 4
L1,1-TCA 6 5
1,1-DCA 6 5
Chloroform 13 10
Freon 113 6 5
Treatment Facility B
Average flow: 50 gpm
PCE 50 40
TCE 375 300
1,1-DCE 13 10
1,2-DCE (cis and trans) 4 3
1,1,1-TCA 1 1
L,1-DCA 6 5
1,2-DCA 1 1
Carbon tetrachloride 3 2
Chloroform 13 10
Freon 113 13 10
Chromium (total) 30 30
Chromium (6%) 25 20
Treatment Facility C
Average flow: 20 gpm
PCE 6 5
TCE 25 20
1,1-DCE 3 2
Chloroform 4 3
Freon 113 125 100
Chromium 6+ 40 30
Treatment Facility D
Average flow: 70 gpm
PCE 15 3
TCE 3,000 630
1,1.DCE 34 9
1,2-DCE (cis and tr